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Abstract. Chemotherapy‑resistant breast cancer displays 
aggressive clinical behavior, is poorly differentiated and is 
associated with the occurrence of epithelial‑mesenchymal tran‑
sition and the presence of cancer stem cells. The anthelmintic 
drug niclosamide has been shown to have numerous clinical 
applications in the treatment of malignant tumors, in addition 
to its traditional use in tapeworm disease. Our previous study 
demonstrated that niclosamide had an antiproliferative effect 
and could inhibit the stem‑like phenotype of the breast cancer 
cells, suggesting that it might have the potential to be used 
in the treatment of triple‑negative breast cancer. However, 
the specific function and underlying mechanism of action of 
niclosamide in chemoresistant human epidermal growth factor 
receptor 2 (HER2)‑positive breast cancer remain unknown. 
The present study aimed to determine whether niclosamide 
can inhibit cell proliferation, invasion and epithelial‑to‑mesen‑
chymal transition, as well as the stem‑like phenotype in 
cisplatin‑resistant HER2‑positive breast cancer. Alamar Blue 
and Annexin V/7‑AAD staining, mammosphere formation 
and Transwell assays were performed to assess the viability, 
apoptosis, stem‑like phenotype and invasion ability of breast 
cancer cell lines, respectively. Signaling molecule expression 
was detected via western blotting and a xenograft model was 
used to verify the inhibitory effect of niclosamide in vivo. The 
results from the present study demonstrated that niclosamide 
inhibited the resistance of HER2‑positive breast cancer to 
cisplatin both in vitro and in vivo. Furthermore, niclosamide 
combined with cisplatin could inhibit breast cancer cell inva‑
sion, epithelial‑mesenchymal transition and cell stemness. The 
inhibitory effect of niclosamide was mediated by apoptosis 

induction and Bcl‑2 downregulation. Taken together, the results 
of the present study suggested that niclosamide combined with 
cisplatin may be considered as a novel treatment for chemore‑
sistant HER2‑positive breast cancer.

Introduction

Breast cancer is one of the most common female malignancies. 
Although the prognosis of breast cancer has improved with 
early detection and advances in systemic treatment, 20‑30% of 
patients still experience distant metastasis. Patients with 
advanced disease have a median survival of only ~2 years (1). 
As one of the most aggressive breast malignancies, human 
epidermal growth factor receptor 2 (HER2)‑positive breast 
cancer exhibits frequent recurrence and metastasis during or 
after treatment (2). In advanced HER2‑positive breast cancer, 
chemotherapy combined with trastuzumab is currently widely 
used in practice and is recognized as a valid approach for 
improving patient survival (1). Although chemotherapy is 
effective in most patients, some patients relapse and develop 
resistance (3). Cancer stem cells (CSCs) have numerous abili‑
ties, including a self‑renewal ability, an invasive ability and 
resistance ability to numerous antitumor agents, including 
chemotherapy and targeted therapy, all of which are thought 
to contribute to recurrence or metastasis and to overall aggres‑
siveness of the disease (4).

Chemotherapy can inhibit tumor growth and also leads 
to hypoxia, which might induce an increase in the propor‑
tion of CSCs. CSCs can survive by increasing the expression 
of hypoxia‑inducible factors (5). Previous studies have 
demonstrated that following treatment of breast cancer cells 
with chemotherapy, the surviving cells exhibit enrichment in 
CSCs (6,7). Li et al (8) reported that CD44+/CD24‑/low breast 
cancer cells could separate from primary breast cancer tissues 
after chemotherapy. In addition, the proportion of stem cell 
subsets after chemotherapy increased compared with that 
before chemotherapy, and the formation of mammospheres was 
enhanced. Previous studies in breast cancer mouse models also 
suggested that combining chemotherapy with drugs targeting 
CSCs or metastatic progression could improve survival (7,9).

Niclosamide is an anthelmintic agent that has been 
approved by the Food and Drug Administration (FDA) and 
used in humans for nearly 50 years (10). Chen et al (11) iden‑
tified niclosamide (trade name, Niclocide) as a potentially 
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effective antitumor drug that could alter the hepatocellular 
carcinoma gene expression pattern. The underlying mecha‑
nism of niclosamide has not been well characterized, although 
it has been reported that it could inhibit mitochondrial oxida‑
tive phosphorylation and stimulate ATPase activity (12). Our 
previous studies revealed that niclosamide exerts anticancer 
effects in triple‑negative and HER2‑positive breast cancers 
by reversing epithelial‑mesenchymal transition (EMT) and 
inhibiting stem cell phenotype (13,14). Furthermore, we previ‑
ously demonstrated that niclosamide monotherapy alone or 
combined with cisplatin can significantly inhibit the Akt, ERK 
and Src signaling pathways (13,14). Thus, the inhibitory effect 
of niclosamide on tumor cells is well‑documented, although 
the mechanism has not yet been clarified.

The present study aimed to determine the inhibitory effects 
of niclosamide on the growth, invasion and EMT of chemo‑
resistant HER2‑positive breast cancer cells. The molecular 
mechanisms of niclosamide‑mediated inhibition of Bcl‑2 and 
signal transducer and activator of transcription 3 (STAT3) 
were also investigated.

Materials and methods

Cell culture and cisplatin treatment. The BT474 cell line, 
estrogen receptor (ER) and HER2‑positive breast cancer 
cell line, was purchased from the American Type Culture 
Collection. Cells were cultured in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% peni‑
cillin/streptomycin in at 37˚C in a humidified incubator 
containing 5% CO2. Cisplatin and niclosamide were purchased 
from Sigma‑Aldrich (Merck KGaA). Cisplatin was prepared 
in DMSO to obtain a stock solution of 200 mM at ‑20˚C. 
Niclosamide was prepared in DMSO to obtain a stock solu‑
tion of 10 mM at ‑20˚C. BT474 cells were continuously treated 
with increasing concentrations of cisplatin (5‑20 µmol/l) for 
>6 months to acquire a stable cisplatin‑resistant cell line (13). 
Before each experiment, cisplatin was removed from the media 
for at least 72 h.

Cell viability and combination index (CI) analysis. Alamar Blue 
(resazurin solution), purchased from Sigma‑Aldrich; 
Merck KGaA, was used to assess cell viability as previously 
described by Liu et al (13). The results are displayed as the 
ratio of viable treated cells to viable 1% DMSO control treated 
cells. CompuSyn software (version 1.0; ComboSyn) was 
utilized to calculate the CI value for niclosamide and cisplatin. 
The fraction affected value was calculated as the portion of 
cells inhibited after drug exposure.

Apoptosis analysis. Cells were exposed to DMSO (1%) 
control, cisplatin (20 µM) or niclosamide (1 µM) for 48 h. 
Cells in suspension (100 µl) were stained with 100 µl of Muse 
Annexin V & Dead Cell reagent (Merck KGaA) according 
to the manufacturer's instructions and incubated in the dark 
for 20 min at room temperature. The Muse Cell Analyzer 
(Merck KGaA) was used to analyze fluorescence.

Western blotting. After cisplatin resistant BT474 cells were 
treated with 1% DMSO (control), 1 µM niclosamide or 

1 µM niclosamide combined with 20 µM cisplatin for 48 h, 
proteins were extracted using RIPA buffer (cat. no. 89900, 
Thermo Fisher Scientific, Inc.). The bicinchoninic acid assay 
was used to measure the protein concentration. Total proteins 
(20 µg/lane) were separated by SDS‑PAGE on a 10% gel. The 
separated proteins were transferred onto PVDF membranes and 
blocked with 5% fat‑free milk in TBST buffer (0.1% Tween‑20) 
for 2 h at room temperature. The membranes were incubated 
with primary antibodies (diluted at 1:1,000, except for GAPDH, 
which was diluted at 1:10,000) overnight at 4˚C. Antibodies 
against E‑cadherin (cat. no. 3195), N‑cadherin (cat. no. 13116), 
vimentin (cat. no. 3390), Bcl‑2 (cat. no. 4223), phosphorylated 
(p)‑STAT3 (Tyr705) (cat. no. 9145), STAT3 (cat. no. 30835) and 
GAPDH (cat. no. 8884) were purchased from Cell Signaling 
Technology, Inc. The membranes were washed three times 
with TBST (TBS with 0.05% Tween‑20), and subsequently 
incubated with anti‑rabbit HRP‑conjugated IgG (cat. no. 7074) 
or anti‑mouse HRP‑conjugated IgG (cat. no. 7076) secondary 
antibodies (both diluted at 1:5,000; Cell Signaling Technology, 
Inc.) at room temperature for 1 h and re‑washed. The immu‑
noreactive signals were visualized using a peroxide solution 
with an electrochemiluminescent HRP substrate and luminol 
reagent (Merck Millipore; cat. no. WBKLS0500). Data were 
analyzed using ImageJ software (version 1.52v, National 
Institutes of Health) and normalized to GAPDH.

Mammosphere formation assay. A total of 3,000 cells/ml were 
plated in ultralow‑attachment plates (Corning). The medium 
contained serum‑free DMEM/F12 supplemented with 
20 ng/ml human recombinant epidermal growth factor 
(Invitrogen; Thermo Fisher Scientific, Inc.), 10 ng/ml basic 
fibroblast growth factor (Invitrogen; Thermo Fisher Scientific, 
Inc.) and 1X B27 supplement (Gibco; Thermo Fisher 
Scientific, Inc.). The mammosphere formation assay 
procedure was performed as previously described (14). 
Mammosphere‑forming efficiency (MFE) was calculated as 
the mammosphere number (diameter ≥50 µm) divided by the 
number of seeded cells.

Cell invasion assay. The cell invasion assay was conducted 
using Matrigel®‑coated invasion chambers (BD Biosciences). 
A total of 5x104 cells in 0.5 ml serum‑free medium were 
seeded into the top chambers of the transwell. Medium 
containing 10% FBS medium was then added to the bottom 
chamber. After 12 h incubation, cells in the top chambers were 
wiped whereas cells on the bottom of the chamber were fixed 
with 10% neutral formalin at room temperature for 30 min 
and stained with 1% crystal violet at room temperature for 
30 min. The stained cells were observed under a microscope 
(Zeiss GmbH) with a 10X objective lens in five random regions 
per sample. Results were presented as the average cell number 
across fields of view.

Tumor xenograft model. Xenograft experiments were 
approved by the Tongji University School of Medicine 
Committee for the Use and Care of Animals and performed 
in strict accordance with institutional requirements. A 
total of 5x106 BT474‑resistant cells in 100 µl Matrigel 
(BD Biosciences) mixed with 100 µl RPMI‑1640 medium 
were subcutaneously injected into 12 four‑six‑week‑old female 
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BALB/c nude mice (Slaccas Laboratory Animal; Shanghai, 
China). Nude mice were housed in a temperature‑controlled 
(24‑25˚C and 50% humidity) pathogen‑free environment with 
a 12:12 h light:dark cycle. After 14 days, tumor‑bearing mice 
with tumor volumes between 50 and 100 mm3 were evenly 
divided into four groups according to tumor size. Each group 
contained 3 mice, which were injected intraperitoneally 
from day 14 to day 56 with one of the following treatments: 
i) Vehicle; ii) cisplatin; iii) niclosamide; or iv) niclosamide 
with cisplatin. The dosage of niclosamide was 20 mg/kg/day 
five days a week, and the dosage of cisplatin was 2 mg/kg/week. 
The mice were sacrificed on day 56 by cervical dislocation. 
Tumor size was measured every seven days and tumor volume 
was calculated after collection using the following formula: 
Volume = length x width2 / 2.

Immunohistochemistry. The immunohistochemistry procedure 
has been described by Liu et al (13). Antibodies against Ki67 
(1:100; cat. no. ab15580), HER2 (1:2,000; cat. no. ab237715) 
and Bcl‑2 (1:250; cat. no. ab32124) were purchased from 
Abcam. The primary antibody incubation step was skipped in 

one group as a negative control. Images were acquired using a 
microscope (magnification, x40; Zeiss GmbH).

Statistical analysis. Statistical analysis was performed using 
SPSS software (version 19; IBM Corp.) or GraphPad Prism 
(version 5; GraphPad Software Inc.). Cell viability, apoptosis, 
western blotting, mammosphere formation and cell invasion 
assays were performed in triplicate. Data are presented as the 
mean ± standard deviation (SD). Statistical significance was 
analyzed by two‑way ANOVA followed by Tukey's post hoc 
test (Fig. 1) or one‑way ANOVA followed by Tukey's post hoc 
test (Figs. 2‑5). Data from the in vivo study were analyzed using 
mixed two‑way ANOVA method regarding time as a repeated 
measure and Tukey's post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Niclosamide combined with cisplatin reverses cisplatin resis‑
tance. BT474 cells, which were originally isolated from a case 
of HER2‑positive breast cancer, were cultured with increasing 

Figure 1. Niclosamide combined with cisplatin reverses cisplatin resistance. (A) Typical images of BT‑CS and BT‑CR cells. Images were obtained using 
a microscope (Zeiss) with a 40X objective lens. (B) Alamar Blue assay was used to assess the cell viability. BT‑CS and BT‑CR cells were treated with the 
indicated concentrations of cisplatin for 48 h. (C) BT‑CR cells were treated with the indicated concentrations of cisplatin and niclosamide or the combination 
of these two drugs for 48 h. (D) CI plot obtained from the CompuSyn report for BT‑CR cells treated with cisplatin and niclosamide combinations. ***P<0.001. 
BT‑CS, cisplatin sensitive BT474 cells; BT‑CR, cisplatin resistant BT474 cells; Ctrl, control; CI, combination index.
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concentrations of cisplatin (5‑20 µM) for >6 months. As 
presented in Fig. 1A, cisplatin resistant BT474 cells (BT‑CR) 
had a morphology similar to that of cisplatin sensitive BT474 
cells (BT‑CS) but had more membrane protrusions than BT‑CS 
cells. To verify the difference in cisplatin sensitivity between 
BT‑CS and BT‑CR cells, Alamar Blue assay was performed 
on cells following treatment with different cisplatin concen‑
trations (0, 1.25, 2.5, 5, 10 and 20 µM) for 48 h. The results 
demonstrated that cisplatin cytotoxicity was significantly 
inhibited in BT‑CR cells compared with the sensitive parental 
cell line BT‑CS (Fig. 1B; P<0.001).

BT‑CR cells were treated with the indicated concentra‑
tions of cisplatin and niclosamide or a combination of these 
two drugs (combination group) for 48 h (Fig. 1C). The results 
demonstrated that both niclosamide and the combination 
treatment decreased the viability of BT‑CR cells (P<0.001). 
To determine whether the antitumor effect of niclosamide 
combined with cisplatin was synergistic, additive or antago‑
nistic, the CI was calculated using CompuSyn software. The 
median inhibitory concentration of cisplatin in BT‑CR cells 
was 169.5 µM, whereas the median inhibitory concentration of 
niclosamide was 2.4 µM. The CI value of combination treat‑
ment with niclosamide and cisplatin was <1 µM, indicating 

that niclosamide and cisplatin exerted a synergistic effect on 
the resistant cells BT‑CR (Fig. 1D).

Niclosamide and cisplatin induce resistant cell apoptosis. 
The apoptosis of BT‑CR cells treated with cisplatin (20 µM) 
and niclosamide (1 µM) was evaluated. The niclosamide 
concentration was selected according to previous 
research (11). Since the serum concentration of niclosamide is 
0.25‑6.0 µg/ml (corresponding to 0.76‑18.35 µM), the concen‑
tration of 1 µM chosen was within the serum concentration 
range (7). Annexin V/7‑AAD staining was detected by flow 
cytometry. Niclosamide (1 µM) treatment for 48 h increased 
the apoptosis rate compared with that of 20 µM cisplatin 
treatment in resistant BT474 cells (Fig. 2A). Furthermore, 
niclosamide combined with cisplatin significantly increased 
the apoptosis rate, suggesting that niclosamide alone or 
combined with cisplatin increased cytotoxicity by inducing 
apoptosis. The histogram represents the percentage of early 
and late apoptotic cells detected by flow cytometry (Fig. 2B).

Niclosamide and cisplatin inhibit the stem‑like phenotype in 
resistant cells. The mammosphere assay was used to assess 
the cell stem‑like phenotype of BT‑CS and BT‑CR cells. As 

Figure 2. Niclosamide and cisplatin induce apoptosis in resistant cells. (A) Cisplatin resistant BT474 cells were cultured with DMSO (control), cisplatin 
(20 µM), niclosamide (1 µM) or niclosamide (1 µM) combined with cisplatin (20 µM) for 48 h and then subjected to apoptosis analysis. Lower and upper right 
quadrants of the scatterplots show the percentages of early and late apoptotic cells, respectively. (B) Percentage of early and late apoptotic cells detected by 
flow cytometry. n=3. ***P<0.001. Ctrl, control; Cis, cisplatin; Ncm, niclosamide.

Figure 3. Niclosamide and cisplatin inhibit the stem‑like phenotype. (A) Representative images of mammospheres formed by BT‑CS and BT‑CR cells treated 
with DMSO (control) 0.1 µM niclosamide alone or combined with 20 µM cisplatin. Images were captured using the microscope (Zeiss) with a 10X objective 
lens. (B) Mammosphere‑forming efficiency levels of BT‑CS and BT‑CR cell lines treated by indicated drugs (n=3). **P<0.01; ***P<0.001. BT‑CS, cisplatin 
sensitive BT474 cells; BT‑CR, cisplatin resistant BT474 cells; Ctrl, control; Cis, cisplatin; Ncm, niclosamide.
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Figure 4. Niclosamide and cisplatin inhibit cell invasion. (A) Representative images of cells on Transwell filters. The stained cells were captured through 
the microscope (Zeiss) under a 10X objective lens. (B) Results were quantified by calculating the average number across five random fields of view under a 
10X objective lens. Data are presented as the mean ± SD (n=30. **P<0.01; ***P<0.001. BT‑CS, cisplatin sensitive BT474 cells; BT‑CR, cisplatin resistant BT474 
cells; Ctrl, control; Cis, cisplatin; Ncm, niclosamide.

Figure 5. Niclosamide and cisplatin suppress EMT and inhibit the Stat3 signaling pathway. (A) Expression of E‑cadherin, N‑cadherin, vimentin and Bcl‑2 
evaluated by western blotting in lysates of BT‑CR cells treated with DMSO (control), 1 µM niclosamide or 1 µM niclosamide combined with 20 µM cisplatin 
for 48 h. Histogram represents the density values of each protein. (B) Expression of p‑STAT3 (Tyr705) and STAT 3 evaluated by western blotting in lysates 
of BT‑CR cells treated with DMSO (control), 1 µM niclosamide or the combination of 1 µM niclosamide and 20 µM cisplatin for 48 h. Histogram represents 
the integrated density values of p‑STAT3/STAT3 ratio. *P<0.05; **P<0.01; ***P<0.001. BT‑CS, cisplatin sensitive BT474 cells; BT‑CR, cisplatin resistant BT474 
cells; Ctrl, control; Cis, cisplatin; Ncm, niclosamide; EMT, epithelial‑mesenchymal transition; p, phosphorylated; STAT3, signal transducer and activator of 
transcription 3.
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presented in Fig. 3, a prominent decrease in the number and 
diameter of spheres treated with niclosamide was noticed, 
either alone or combined with cisplatin, in the BT‑CS and 
BT‑CR cell lines. Exposure to niclosamide (P<0.01) or 
combined with cisplatin (P<0.001) significantly decreased the 
MFE of both BT‑CS and BT‑CR cells. This result indicated 
that niclosamide alone or combined with cisplatin could effec‑
tively decrease the cell ability to form mammospheres.

Niclosamide and cisplatin inhibit cell invasion ability. 
Because niclosamide combined with cisplatin was found to 
induce apoptosis and significantly decrease the MFE, subse‑
quent experiments were carried out to investigate whether 
cell invasion was also inhibited by niclosamide or combina‑
tion treatment. Transwell invasion assays were performed to 
determine the invasive ability of BT‑CS and BT‑CR cells. The 
results demonstrated that BT‑CR cells had a higher invasive 
ability compared with BT‑CS cells. Furthermore, niclosamide 
alone and combined with cisplatin significantly attenuated the 
invasive ability of BT‑CS and BT‑CR cells (Fig. 4).

Niclosamide and cisplatin suppress EMT and inhibit the 
STAT3 signaling pathway. Previous studies demonstrated 
that EMT is a possible mechanism of cell metastasis (15,16). 
Niclosamide treatment may also suppress EMT in resistant 
HER2‑positive breast cancer cells. To test this hypothesis, 
epithelial (E‑cadherin) and mesenchymal (N‑cadherin and 
vimentin) markers were detected by western blotting. As 
presented in Fig. 5A, E‑cadherin expression significantly 
increased whereas N‑cadherin and vimentin expression 
significantly decreased in cells treated with niclosamide alone 
or combined with cisplatin compared with the control group. 
Moreover, treatment with niclosamide alone or combined with 
cisplatin decreased the expression level of the antiapoptotic 
protein Bcl‑2 (Fig. 5A). The phosphorylation level (Tyr705) 
of STAT3 was analyzed by western blotting and the results 
demonstrated that p‑STAT3 levels significantly decreased 
following niclosamide treatment (Fig. 5B). These findings 
suggested that niclosamide may inactivate STAT3 to down‑
regulate the expression of Bcl‑2 and increase the cisplatin 
sensitivity of HER2‑positive cells.

Antitumor efficacy of niclosamide in vivo. To verify the inhibi‑
tory effect of niclosamide in vivo, xenografts generated from 
BT474‑resistant cells were treated as described in the Materials 
and methods. As presented in Fig. 6A, niclosamide alone and 
combined with cisplatin significantly inhibited the growth of 
xenograft tumors derived from resistant cells compared with 
cisplatin alone (P<0.05). There was no significant difference 
between the niclosamide group and the combination treatment 
group. Tumor tissues were stained for Ki67, HER2 and Bcl‑2 by 
immunohistochemistry. As shown in Fig. 6B, both niclosamide 
and combination therapy inhibited Ki67 and Bcl‑2 expression. 
Taken together, these findings demonstrated that niclosamide 
may inhibit cisplatin‑resistant BT474 tumor growth in vivo.

Discussion

The present study demonstrated that niclosamide, an 
FDA‑approved anthelmintic agent, might also be considered 
as a potential chemotherapeutic agent for HER2‑positive 
chemoresistant breast cancer. The results demonstrated that 
niclosamide induced apoptosis and was more effective when 
combined with cisplatin. Furthermore, niclosamide overcame 
chemotherapy resistance in HER2‑positive cells via Bcl‑2 
inhibition and STAT3 activation. These results suggested that 
niclosamide might be considered as a potential antitumor drug 
and used in combination with chemotherapy in the treatment 
of HER2‑positive breast cancer. A recent study reported 
that niclosamide, a potent radiosensitizer, acts by inhibiting 
STAT3 and Bcl‑2 and by increasing the production of reactive 
oxygen species (ROS) in triple‑negative breast cancer (17). 
Another study demonstrated that niclosamide inhibits the 
growth of melanoma cell lines (A375 and B16‑F10) and 
induces mitochondrial apoptosis, which impairs cell migration 
and invasion, reduces expression of phosphorylated STAT3 
at Tyr705 and inhibits matrix metalloproteinase‑2 and ‑9 
expression (18). Conversely, the present study demonstrated 
that the anthelmintic agent niclosamide may be repurposed to 
treat chemoresistant HER2‑positive breast cancer. To the best 
our knowledge, the present study was the first to suggest that 

Figure 6. Antitumor efficacy of niclosamide in vivo. (A) Nude mice bearing 
resistant BT474 (BT474‑R) cell‑derived xenografts were treated with vehicle 
control, cisplatin (2 mg/kg/week), niclosamide (20 mg/kg/day) or niclosamide 
(20 mg/kg/day) combined with cisplatin (2 mg/kg/week) from day 14 to 
day 56. Tumor volume was calculated as length x width2 / 2. (B) Images 
of Ki67, HER2 and Bcl‑2 immunohistochemistry staining of the xenograft 
tissues. Scale bar, 50 µm. *P<0.05; **P<0.01. Ctrl, control; Cis, cisplatin; Ncm, 
niclosamide; HER2, human epidermal growth factor receptor 2.
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niclosamide could be used for the treatment of chemoresistant 
HER2‑positive breast cancer.

Niclosamide is administered orally in parasitic patients but 
is only partially absorbed through the gastrointestinal tract. 
In anthelmintic therapy, niclosamide is administered orally 
in adults at a single dose of 2 g. Due to differences in indi‑
vidual absorption rates, the maximum serum concentration of 
niclosamide in humans is 0.25‑6.0 µg/ml (corresponding to 
0.76‑18.35 µM), which is well within the concentration range 
of its anticancer activity and within the concentration range 
we previously observed for the treatment of chemoresistance 
in HER2‑positive breast cancer (10). In addition, in rodent 
xenograft models, oral administration of niclosamide has been 
shown to lead to an accumulation of the drug in tumor tissue at 
concentrations even higher than those in plasma (19). However, 
additional stage I‑III randomized clinical trials are needed 
to demonstrate the antitumor effect of niclosamide before it 
could be approved for any cancer treatment.

Niclosamide is increasingly studied in cancer research 
and has been demonstrated to effectively inhibit a variety of 
cancer‑related signaling pathways. A previous study suggested 
that niclosamide could inhibit PI3K/Akt, Wnt/β‑catenin signaling 
and β‑catenin/T‑cell factor complex formation, and promote 
degradation of the Wnt co‑receptor low‑density lipoprotein 
receptor‑related protein 6 (20). Jak‑STAT and NF‑κB signaling 
have also been identified as potential targets of niclosamide in 
lung cancer and multiple myeloma (21). Furthermore, niclosamide 
has been shown to enhance the efficacy of programmed cell 
death 1/programmed cell death ligand 1 immune checkpoint 
blockade and cisplatin cytotoxicity in non‑small cell lung 
cancer models (22). Furthermore, Snail family transcriptional 
repressor 1 is known as a transcriptional repressor of cadherin‑1, 
which encodes E‑cadherin. Downregulation of E‑cadherin is 
vital to the migration and invasion of cancer cells. This process 
might facilitate breast cancer metastasis (23,24). Previous studies 
have demonstrated that CSCs forming tumor spheres in vitro 
are more likely to develop tumors in vivo and to become resis‑
tant to standard radiation or chemotherapy than differentiated 
cells (25,26). This, along with our previous studies (13,14), indi‑
cates that niclosamide can inhibit EMT in both lapatinib‑resistant 
and chemoresistant breast cancer. In addition, niclosamide alone 
or in combination with cisplatin successfully decreased MFE 
in the present study, indicating that niclosamide may be used as 
an effective anticancer agent by inhibiting EMT and the breast 
cancer stem‑like phenotype.

Cellular metabolic reprogramming is one of the hallmarks 
of tumor cells, and Dr Otto Warburg reported that tumor 
cells convert glucose to lactate to support cell growth, even 
in a normoxic state. This aerobic glycolysis is known as the 
‘Warburg effect’ (27). In normal cells, almost all pyruvate 
produced by glycolysis enters the mitochondria for oxidative 
phosphorylation, maximizing the energy extraction from 
glucose, whereas in cancer cells, only ~5% of pyruvate enters 
the mitochondria (28). Aerobic glycolysis in cancer cells is 
accompanied by elevated glucose uptake, and only a small 
fraction of glucose is used for oxidative phosphorylation (27). 
This explains the energy deficit of cancer cells. Niclosamide 
is an anthelmintic drug with mitochondrial uncoupling 
function (29). Previous studies have demonstrated that 
mitochondrial uncoupling increases the pyruvate influx into 

mitochondria, upregulates mitochondrial oxidation, reduces 
lactate production and decreases the biosynthetic pentose 
phosphate pathway, implying that mitochondrial uncoupling 
may be considered as an effective way to antagonize aerobic 
glycolysis and that mitochondrial uncoupling agents could 
potentially be developed for the treatment of malignan‑
cies (29,30). Niclosamide has been shown to be associated 
with glycolysis and glucose uptake regulation, setting tumor 
cells at rest. Park et al (31) and Khanim et al (32) confirmed 
that niclosamide could induce mitochondrial disintegration 
and induce the production of mitochondrial superoxide, 
leading to mitochondrial damage. In the present study, 
niclosamide induced apoptosis in chemoresistant cells by 
downregulating Bcl‑2, which was consistent with previous 
studies (33,34).

Numerous malignant tumors express activated STAT3 and 
are resistant to apoptosis induction and chemotherapy (35). 
A previous study reported that STAT3 may be a key down‑
stream mediator of HER2 signaling (36). Duru et al (37) 
showed that HER2‑STAT3 crosstalk increases aggres‑
siveness and radioresistance in breast CSCs. HER2 also 
promotes radioresistance in HER2‑positive breast cancer 
through STAT3‑survivin regulation (38). Chung et al (39) 
reported that in HER2‑overexpressing breast cancer, STAT3 
activation promotes CSC characteristics of which pheno‑
type is associated with tumor drug resistance. In addition, 
Li et al (40) reported that trastuzumab resistance is regulated 
by STAT3‑dependent feedback activation in HER2‑positive 
breast cancer and gastric cancer. STAT3 activation is therefore 
a critical pathway for the survival of drug‑resistant tumors 
in HER2‑positive breast cancer. A proportion of STAT3 
protein is localized in the mitochondria. STAT3 functions as 
a promoter of the mitochondrial electron transport chain in 
the mitochondria (41), decreases mitochondrial ROS produc‑
tion and inhibits apoptosis (42). Conversely, a lack of STAT3 
decreases ATP levels and increases ROS production in tumor 
cells (43). Niclosamide has been reported to be a potent 
STAT3 suppressor that inhibits STAT3 phosphorylation at 
Tyr705 (44). The inhibitory effect of niclosamide on STAT3 
phosphorylation also influences other pathways, including the 
Wnt/β‑catenin pathway, which is relevant to cancer initiation 
and progression (45). Previously, we reported that niclosamide 
induces growth inhibition and apoptosis in MDA‑MB‑231 
cisplatin‑resistant cells (ER‑negative) and suppresses tumor 
invasion and stem‑like phenotype, suggesting that niclosamide 
might function through the Akt, ERK and Src pathways (13). 
In the present study, niclosamide induced growth inhibition 
and apoptosis in ER and HER2‑positive cells.

Cisplatin is a chemotherapeutic agent that has not been 
routinely used in breast cancer; however, an increasing number 
of studies have reported favorable responses in subgroups of 
breast cancer (46‑48). The National Comprehensive Cancer 
Network have listed platinum‑based agents, such as cisplatin 
and carboplatin, as the preferred treatment for patients with 
triple‑negative recurrent/stage IV breast cancer who carry the 
germline BRCA1/2 mutation (49). Cisplatin is a DNA‑damaging 
drug. Based on clinical trials, cisplatin has become the backbone 
drug for the treatment of primary breast cancer, as well as brain 
metastases (50). The combination of cisplatin, bevacizumab and 
etoposide was used in a phase 2 trial in eight patients with breast 
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cancer and brain metastasis in Taiwan, and the treatment was 
effective in five patients (46). In a previous study on neoadjuvant 
therapy, the paclitaxel plus cisplatin (PC) regimen combined 
with trastuzumab was shown to have a high pathological 
complete response rate in HER2‑positive breast cancer (47). 
In addition, the results from TBCRC009 clinical trial demon‑
strated that patients with metastatic triple‑negative breast cancer 
receiving cisplatin every 3 weeks had numerically higher objec‑
tive response rates than those receiving carboplatin (48). Our 
present study creates the possibility for future clinical trials 
targeting DNA damage‑resistant tumors with niclosamide in the 
treatment of HER2‑positive breast cancer. The combination of 
these two classes of drug may therefore be considered as a novel 
option to treat cancer.

In the present study, the sample size of each group in the 
in vivo experiment was relatively small. When the experiment 
was conducted, cells were injected into nude mice for 14 days 
and tumor‑bearing mice with tumor volumes of 50‑100 mm3 
were evenly divided into four groups according to tumor size. 
Before treatment, the mean tumor volume in each group was 
consistent and not significantly different. We also controlled 
factors (mice weight, age, the mean tumor volume and housing 
conditions) other than the intervention that were perfectly 
balanced across the groups. The four groups of xenograft tumors 
showed different growth rates after treatment, which may reflect 
the antitumor effect of niclosamide in vivo. However, the small 
sample size remains a limitation of this research. Furthermore, 
there was no significant difference between the niclosamide 
group and the combination group. However, there was a trend of 
higher antitumor effect in the combination group. To determine 
whether the effect of combination treatment is greater than that 
of niclosamide alone, clinical trials need to be conducted in 
cisplatin‑resistant patients.

The development and clinical application of oncology 
drugs is a long and expensive process. New drugs applied in 
practice account for a very small portion of investigated drugs. 
Niclosamide is already available in the clinic, and the side effects 
and other data related to its clinical use are already documented.

In conclusion, the present study offered new ideas for the 
treatment of chemoresistant HER2‑positive breast cancer. 
The results from this study were in accordance with existing 
results showing that niclosamide can inhibit EMT and STAT3 
phosphorylation, leading to cytotoxicity against chemore‑
sistant cells and breast CSCs. Niclosamide combined with 
cisplatin may be considered as a novel treatment therapy for 
chemoresistant HER2‑positive breast cancer.
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